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Experimental studies with conventional rehabilitation
methods have proven unsuccessful to rehabilitate
chrysotile tailings. This is largely due to the
unfavourable macro-element ratios and elevated heavy
metal concentrations of chrysotile tailings and associ-
ated natural soil. This paper investigates the rehabilita-
tion of ameliorated chrysotile tailings using locally
adapted ecotypes and available soil. The experimental
plots were established in 1995 and were evaluated dur-
ing 1997, 2002 and 2003 by estimating the crown cover
in a 0.5m x 0.1m quadrat. This study reports on the
change in vegetation composition during the eight-year
period as well as the nutrient status of the topsoil of
rehabilitated areas in comparison to chrysotile tailings
and natural soil. Typical of serpentine soils, the
exchangeable magnesium is abnormally high (9 003.67
± 1 375.81mg kg–1) and calcium is nearly devoid
(5.4–8.5mg kg–1). The nutrient status of the topsoil on
the rehabilitation trials compared favourably with the
natural soil samples and could sustain a locally adapt-
ed grass cover. The experimental site was initially
colonised by Melinis repens and other pioneer grasses.
The successional trend portrayed by the DCA predicts
that with proper amelioration and topsoil cover, vegeta-
tion would develop towards grasslands consisting pre-
dominantly of the perennial grasses Hyperthelia disso-
luta, Cymbopogon excavatus, Themeda triandra and
Heteropogon contortus.
Chrysotile is a fibrous mineral consisting of thousands of
parallel bundles of highly stretchable fibrils. The fibrous
nature of chrysotile and asbestos in general makes it a
health hazard (asbestosis). All asbestos waste generated
from mining is therefore required to be properly covered and
revegetated to ensure no further exposure to people in sur-
rounding communities. Soil derived from serpentineferous
rock has, due to its mineral composition, characteristically
low calcium content but excessively high magnesium levels
(Brooks 1987). Heavy metal phyto-toxicity associated with
vegetation on serpentine derived soils has been widely
reported (Brooks 1987, Mengel and Kirkby 1987).
Particularly elevated concentrations of nickel, chromium and
cobalt are known to occur (Proctor and Woodell 1975). The
interaction with other heavy metals and microelements such
as iron (Proctor and Woodell 1975), the influence of soil pH
on heavy metal solubility (Williamson et al. 1982) and organ-
ic matter content (Briers et al. 1988) makes nickel availabil-
ity a complex process. Proctor and McDowan (1976) found
that high magnesium concentrations could ameliorate the
toxic effect of high nickel availability. Local studies suggest
that plants growing on serpentine soils have the capacity to
accumulate high levels of nickel (Morrey et al. 1989).
Specifically two species, Berkeya coddii and B. rehmannii
var. rogersiana, have been shown to be nickel hyper-accu-
mulators and are indicators of serpentine conditions in
South Africa (Cambell-Young and Balkwill 2000).
The properties of the soils on serpentine resulted in the
development of edaphically adapted species capable of
growing on these infertile soils (Specht et al. 2001). The veg-
etation composition growing on ultramafic areas is therefore
frequently characteristically different from the surrounding
vegetation (Robinson et al. 1997, Specht et al. 2001) and
must be adapted to the adverse soil chemical limitations
(Kruckeberg 1954, Kruckeberg 1967). Chrysotile waste has
specific soil physical limitations and cements into an imper-
meable material and is prone to crust formation (Briers et al.
1988, Moore and Zimmermann 1977). Van Rensburg and
Pistorius (1998) have dealt with the soil chemical limitation
associated with revegetating chrysotile at Msauli in detail.
Until recently Chrysotile asbestos has been extensively
mined in southern Africa. Msauli Mine was operational until
2001 and asbestos is still being mined in Zimbabwe.
Associated with these mines are large spoil dumps consist-
ing of serpentine waste material, since chrysotile invariably
occurs as part of serpentine rock (Windisch 1978). Briers et
al. (1988) and Van Wyk (1994) have noted that, although the
mines are situated in a high rainfall sub-tropical climate, nat-
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ural establishment on these tailings is totally non-existent
even after 35 years of abandonment. Rehabilitation of the
tailings and developing a sustainable growth medium to
allow a regenerating vegetation cover is of major concern.
Due to the problems associated with revegetating chrysotile
a number of experimental studies to ameliorate and estab-
lish self-sustaining vegetation cover have been attempted.
Initial trials conducted by Briers et al. (1988) and Van Wyk
(1994) before 1990 already indicated that without proper
amelioration and the covering of a suitable topsoil layer no
vegetation establishment would occur. Van Wyk (1994) also
concluded that the addition of organic material is also critical
to bind excessive micro-elements.
The aim of this paper was to investigate the establishment
of vegetation on chemically treated chrysotile tailings reveg-
etated with seed and a soil seed bank, which were harvest-
ed from the surrounding area. The objective of the study was
to determine whether these seeds harvested from the sur-
rounding topsoil are successfully able to establish a viable
vegetation cover. A positive result will be used in the devel-
opment of a viable method for revegetating chrysotile tailings.
Materials and Methods
Study area
Msauli Chrysotile Mine is situated in the Mpumalanga
Province, South Africa near the Swaziland border and geo-
logically is part of the Onverwacht Group (Viljoen and
Reimold 1999). Generally chrysotile in South Africa is either
from emplaced ultra-basic intrusions or from the thermal
metamorphism by diabase sills of chemically suitable zones.
The chrysotile of the Barberton area occurs in serpentinites
associated with emplaced ultra-basic intrusive (Windisch
1978). The tailing dumps mostly consist of serpentine
chrysotile, which according to Meyer (1980) is the same as
the mother rock since the separation of the fibres from the
rock is by mechanical method. X-ray analysis also confirmed
that 80% of the tailings consist of chrysotile.
The surrounding natural grassland had a nearly closed
cover and the general composition was similarly found on
shallow rocky soils. A vegetation survey of the natural areas
of the mine property conducted during 2003 obtained 344
species and concluded that the grasslands is similar to that
described by Stalmans et al. (1999) on higher hills within the
Komati River valley in the Songimvelo Game Reserve. A
number of serpentine endemic species have been reported
for the grasslands associated with serpentine soils in the
Barberton area (Cambell-Young and Balkwill 2000).
Experimental procedures
The data presented in this paper are from an experiment set
up in 1995 to determine the success of serpentine adapted
species for revegetation of chrysotile tailing dumps. Two
experimental plots of 0.25ha each were laid out on top of the
chrysotile dumps. Calcium sulphate (gypsum) (4 000kg ha–1)
was placed directly in contact with the tailings onto which a
300mm topsoil layer was placed. Because topsoil was
regarded as a valuable source of seeds, stockpiling was
kept to a minimum. Harvested seed from the same area was
used as seed supplement. No commercial seeds were used
for revegetation. The topsoil was scraped from sections of
semi-natural grassland. The topsoil layer was fertilised with
a 100kg ha–1 CaNO3, 50kg ha–1 KNO3, 175kg ha–1 2:3:2 and
4 000kg ha–1 well matured kraal manure, which was mixed
into the soil. As a precautionary measure, to improve the
alkalinity of the soil, 300kg ha–1 flower of sulphur was added.
The vegetation was sampled during the growing season in
1997 and again in 2002 and 2003. The vegetation cover was
estimated using a 0.5m x 1m quadrat. Biomass was also cut
in 2002 and sorted into grass and forb biomass, dried at
50°C for 48h and weighed.
Ammonium acetate (Thomas 1982) and 1:2 water extrac-
tion analyses (Sonnevelt and Van den Ende 1971, Rhoads
1996) were conducted on samples collected from three
chrysotile, three natural soil samples and three topsoil sam-
ples from the experimental plots. Soil analyses were con-
ducted at the soil laboratory of the Institute of Soil Climate
and Water. The natural soil samples were taken on three dif-
ferent localities on the mine premises from soils of the
Glenrosa soil form (Soil classification work group 1991).
Changes in the vegetation composition were compared by
a Detrended Correspondence Analysis (DCA) using
CANOCO for Windows (Ter Braak and Šmilauer 1998).
Results and Discussion
Nutrient status
The results from the soil chemical analyses are summarised
in Table 1. Typical of serpentine soils associated with
chrysotile and ultramafic geology, the exchangeable magne-
sium is abnormally high (Chrysotile: 9 003.67 ± 1 375.81mg
kg–1; Soil: 904.00 ± 73.08mg kg–1) and calcium is deficient
(5.4–8.5mg kg–1). The exchangeable magnesium of the top-
soil and especially the natural soil samples decreased due
to leaching and weathering (Table 1). In contrast, analysis of
seven non-serpentine soils, collected from a variety of soil
types on the Mpumalanga Highveld (Ermelo, Witbank,
Bethal areas), varying in clay contents between 6.5–55%,
had ammonium acetate extractable calcium values of
300–800mg kg–1 and ammonium acetate extractable Mg val-
ues of 32.5–325.5mg kg–1. In all samples the exchangeable
magnesium was less than 50% of the exchangeable calci-
um. The calcium:magnesium ratio is therefore totally the
opposite when considering serpentine soils and chrysotile
waste to ‘normal’ soils. Plant species growing on serpentine
substrates such as at Msauli must be physiologically adapt-
ed to cope with the Ca:Mg imbalances and calcium defi-
ciency. Species not adapted to calcium deficiency will expe-
rience growth problems and will have a stunted growth form
as well as poor root and inflorescence development. This is
because calcium is essential for cell elongation and division
(Havlin et al. 1999). The application of nitrate containing fer-
tilisers can stimulate the accumulation of macro-elements
particularly calcium and therefore could assist to alleviate
calcium deficiency in plants where its uptake is depressed
by magnesium excess (Havlin et al. 1999). The 1:2 water
extraction procedures further indicated that the chrysotile
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waste was highly alkaline (pH 9.4–9.6) and bicarbonate lev-
els extremely elevated (HCO3 528.9–895.1mg kg–1).
According to Mengel and Kirkby (1987) under similar high
bicarbonate levels iron deficiency and iron-induced chlorosis
can be expected. The water extraction analysis confirmed
this and the soluble iron was on average 0.04 ± 0.05mg kg–1
(soluble Fe concentrations ranged between 0.004–0.093mg
kg–1) in chrysotile samples. The water extraction procedure
also indicated elevated boron levels in the chrysotile waste
and the soluble boron varied between 1.24–7.3mg kg–1. At
this level boron phyto-toxicity will occur in sensitive plants,
which will affect older leaves (Bergmann 1992). Due to the
high alkalinity, micro-element concentrations (Zn, Mn and
Ni) were low and indicate a high insolubility. The natural soil
and topsoil samples’ pH was on average 6.64 and 6.38,
which is optimum for plant growth. The slightly acidic pH of
the natural soil sample and topsoil samples resulted in a
higher availability of Zn, Mn and Ni (Table 1). Even though
the pH of both the topsoil and natural soil were similar and
not excessively acidic, the water-soluble concentrations of
Fe varied between 0.85–8mg kg–1 in the natural soil and
between 0.12–0.29mg kg–1 in the topsoil samples. Iron was
therefore consistently higher in the natural soils than on the
rehabilitation trial plots. Unusually high and potentially phy-
totoxic concentrations of iron, chromium and nickel are fre-
quently associated with serpentine soils (Morrey et al.
1989). Micro-element phyto-toxicity can typically be experi-
enced if the pH decreases below 5.5 (Williamson et al.
1982). Unfortunately organic compounds in the soil, which
complicates micro-element uptake by the plant, also influ-
ence micro-element availability. Efroymson et al. (1997)
indicates that chrome toxicity can be experienced if the sol-
uble soil concentration increased above 0.05mg dm–3 and
nickel toxicity if the soluble concentration increased above
0.5mg dm–3. Both the average chromium and nickel concen-
trations were therefore elevated in the natural soil samples
to concentrations that could result in phyto-toxicity. High
nickel and chrome concentrations associated with serpen-
tine soils are to be expected. One of the natural soil samples
was particularly characterised by elevated concentrations of
Fe (65.4mg kg–1), Cr (1.38mg kg–1) and nickel (0.97mg kg–1)
although the pH was only 6.68. None of the topsoil samples
in the rehabilitation trials had elevated concentrations of Fe,
Ni or Cr.
Vegetation properties
Figure 1a and 1b presents a scatter diagram from a DCA
ordination with percentage cover data. The eigenvalues for
the first two axes were 0.761 and 0.323 respectively and the
total inertia 4.314. The first two axes explained 24.9% of the
variance in the species data. Surveys conducted in 1997
were situated on the left side along the first ordination axis
and surveys conducted in nearby grassland ordinated to the
right along the second axis. A successional gradient was
therefore visible along the first axis of the DCA ordination.
One of the natural grassland sites was situated close to the
experimental plot whereas the second natural grassland site
was an outlier within the DCA ordination diagram (Figure
1a). The natural grassland sample associated with the
experimental plot can be described as secondary grassland
and was situated nearby to the processing plant on a gentle
foot slope. The grasses Heteropogon contortus, Hyperthelia
dissoluta and Hyparrhenia hirta dominated the grassland.
The second natural grassland site was located on a middle
slope but was visually less disturbed (Loudetia simplex,
Bewsia biflora and Heteropogon contortus were dominant
species). Table 2 provides a comparison between the grass
Table 1: Chemical properties of chrysotile, natural soil (A horizon) and topsoil in the experimental trial at Msauli Mine
Chrysotile Natural soil Experimental trial
Exchangeable cations (mg kg–1)
Ca2+ 7.07 ± 1.27 5.40 ± 2.20 8.46 ± 5.63
K+ 6.33 ± 0.58 122.00 ± 87.07 189.67 ± 86.67
Mg2+ 9 003.67 ± 1 375.81 904.00 ± 73.08 2 070.33 ± 740.56
Na+ 7.60 ± 2.69 6.43 ± 1.25 9.67 ± 6.22
Anions (mg kg–1)
NO3– 36.89 ± 45.19 3.79 ± 3.13 5.92 ± 7.81
HCO3– 773.05 ± 211.41 14.90 ± 2.33 32.54 ± 14.10
NH4+ 0.60 ± 0.27 1.29 ± 0.88 0.81 ± 0.67
SO42– 26.89 ± 13.02 26.35 ± 11.20 64.96 ± 16.09
Micro-elements (mg kg–1)
B 5.21 ± 3.44 0.10 ± 0.04 0.12 ± 0.02
Cu 0.75 ± 0.01 0.80 ± 0.08 0.78 ± 0.06
Fe 0.04 ± 0.05 24.75 ± 35.39 0.18 ± 0.09
Mn 0.01 ± 0.01 0.20 ± 0.12 0.11 ± 0.13
Cr 0.01 ± 0.01 0.47 ± 0.79 0.00 ± 0.00
Ni 0.00 ± 0.00 0.41 ± 0.48 0.14 ± 0.05
Other
P (mg kg–1) 5.85 ± 0.34 9.20 ± 8.01 29.61 ± 46.30
pH 9.50 ± 0.09 6.64 ± 0.18 6.38 ± 0.87
EC (mS m–1) 76.67 ± 19.50 8.33 ± 0.58 13.00 ± 5.29
EC = Electrical conductivity
species composition during 1997, 2002 and 2003 on the
experimental site and the natural grassland surveys as well
as surveys on previous rehabilitated areas on waste rock
and pre-1990 experimental trials on chrysotile waste, con-
ducted at Msauli. Initially, in 1997, the vegetation on the
experimental trials was dominated by Melinis repens (Meli
rep) (Table 2 and Figure 1b). The DCA ordination indicated
that the pioneer composition was characterised by Eleusine
coracana (Eleu cor) and Aristida scabrivalvis (Aris sca).
Surveys during 2002 and 2003 indicated that Melinis repens
remained an important component of the vegetation but
Hyperthelia dissoluta (Hype dis), Cymbopogon excavatus
(Cymb exc) and Heteropogon contortus (Hete con)
increased in cover and abundance (Tables 2 and 3, Figure
1b). Vegetation of rehabilitated sites on waste rock was
characterised by Eragrostis curvula (Erag cur), Chloris
gayana (Chlo gay), Cenchrus ciliaris (Cenc cil), Cynodon
dactylon (Cyno dac) and Digitaria eriantha (Digi eri). The
natural grassland (Nat) sites were characterised by Loudetia
simplex (Loud sim), Diheteropogon amplectens (Dihe amp)
and Brachiaria serrata (Brac ser) (Figure 1b). Trials con-
ducted prior to 1990 have mostly developed towards a
sparse cover of stunted Heteropogon contortus grasslands.
The stunted growth of the grasses within the old experimen-
tal trials could be attributed to calcium deficiency and heavy
metal toxicity. Results further indicated an increase in
species richness with a diversity of grasses and forbs start-
ing to colonise the experimental site. The forb component in
the experimental sites was also characterised by a high
occurrence of legumes particularly Zornia milneana (Table
2). The closer association of the experimental sites to the
natural grassland sites in the DCA ordination scatter plot
was due to an increasing colonisation of climax grasses
such as Themeda triandra, Cymbopogon excavatus and
Schizachyrium sanguineum. The crown cover was on aver-
age lower (21.7–33.8%) on the experimental plots in com-
parison to the natural grassland (75.7%), but increased over
time (Table 2). The crown cover was considerably better
than that estimated on previous experimental trials prior to
1990 conducted on chrysotile tailings (Table 2). 
Hyperthelia dissoluta (44.8g m–2), Heteropogon contortus
(21.1g m–2) and Cymbopogon excavatus (12.6g m–2) shared
the largest percentage of the above ground biomass on the
experimental site in 2002. The biomass data therefore con-
firms the estimated cover data. The total forb biomass
accounted for 11.1% of the total biomass. The biomass was
characteristically highly variable among sites and between
species. The total aboveground biomass was 120.7g m–2
(1.2 ton ha–1), which is lower than is expected for the region.
The high standard deviation of 142.11 also indicated a high
variability between the 14 samples on the experimental
plots. In comparison to other rehabilitated sites the biomass
is low. Morgenthal (2000) measured grass biomass on
rehabilitated coal ash disposal sites in the magnitude of
300g m–2. Values of 98–162g m–2 were reported for newly
rehabilitated coal disposal sites dominated by Digitaria eri-
antha (Morgenthal unpublished data).
Discussion
The nutrient status of the topsoil on the rehabilitation trials
compared favourably with the natural soil samples. Both the
topsoil and natural soil were characteristic of serpentine
habitats. Previous investigations by Van Rensburg and
Pistorius (1998) attributed previous rehabilitation problems
at Msauli Chrysotile Mine to low concentrations of calcium
and the high concentrations of magnesium and boron. The
low calcium also may exacerbate the phytotoxicity of boron
and may cause the build-up of iron in the plant biomass to
phytotoxic concentrations. This study confirmed the conclu-
sions by Van Rensburg and Pistorius (1998) and found the
same growth limiting factors in the chrysotile tailings. The
present soil cover in the experimental plots was, however,
conducive to sustain a vegetation cover that has adapted to
the serpentine soils.
The initial vegetation composition of the experimental site
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Figure 1: a) DCA sample ordination diagram from estimated per-
centage cover data of natural grassland sites () and experimental
sites conducted during 1997 (S), 2002 (V) and 2003 (Y) on
Chrysotile tailings dumps at Msauli Mine. The eigenvalues for the
first two axes of the DCA were 0.760 and 0.313 and explained
24.9% of the species variance. The length of the first axis and sec-
ond axes are 4.65 and 2.72 respectively. b) DCA species ordination
diagram from percentage cover data of natural grassland sites and
experimental sites conducted on chrysotile tailings dumps at Msauli
Mine. Species abbreviations are according to Table 2. The species
are abbreviated in the ordination diagram according to the first four
letters of the genera and first three letters of the specific species
name. Only selected species are included in the ordination
a
b
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followed a similar vegetation establishment pattern as those
found on poorly revegetated vegetation of rehabilitated sites.
The experimental site was initially colonised by particularly
Melinis repens. Because no commercial grasses were used
for the experiment these were correspondingly absent from
the experimental site in the 1997 survey. The absence of
highly competitive commercial grass species also allowed
for the natural colonisation of a diverse amount of forbs and
grasses. The successional trend portrayed by the DCA pre-
dicts that with proper amelioration and topsoil cover vegeta-
tion would develop towards grasslands consisting predomi-
nantly of the species Hyperthelia dissoluta, Cymbopogon
excavatus, Themeda triandra and Heteropogon contortus.
Although the experimental study was conducted without
consideration of other treatments, the importance of using
locally adapted species and the faith in natural colonisation
after sufficient soil amelioration is shown in the trial. Past
experience on studies relating to rehabilitation of mine sites,
revegetated with commercial grass seeds has shown that
the vegetation of these sites are dominated by one or two
commercial grasses used in the seed mixture. If, as was the
case in our study, the substrate is generally unsuited for
plant growth, the commercial grasses will deteriorate and
erosion and pollution of surrounding areas will occur. Due to
their vulnerability to competition by other species
(Kruckeberg 1967), serpentine adapted species will initially
be excluded by competitive grasses, which may result in
irreversible degradation of the site when revegetation fails.
Table 2: Change in species composition from 1997 to 2002 on the experimental site sown with locally harvested species at Msauli Chrysotile
Mine, Mpumalanga
Status 1997 2002 2003 Natural Rehab Old trials
Aristida canescens Henr. subsp. canescens Pioneer 0.00 0.00 0.13 0.00 0.00 0.00
Aristida congesta Roem. & Schult. Pioneer 0.00 0.94 0.19 0.38 0.00 0.00
Aristida scabrivalvis Hack. subsp. scabrivalvis Pioneer 0.06 0.00 0.00 0.00 0.00 0.00
Eleusine coracana (L.) Gaertn subsp. africana (K. O’Byne) Hilu & De Wet Pioneer 0.12 0.00 0.00 0.00 0.00 0.00
Melinis repens (Willd.) Zizka subsp. repens Pioneer 17.84 7.50 0.93 0.75 1.73 0.68
Bulbostylis sp. Sedge 0.00 0.25 0.05 0.00 0.00 0.00
Andropogon eucomus Nees Sub-climax 0.00 0.00 0.00 0.00 0.00 0.25
Bothriochloa insculpta (A. Rich.) A. Camus Sub-climax 0.00 0.00 0.19 0.00 0.10 0.00
Cynodon dactylon (L.) Pers. Sub-climax 0.00 0.00 0.07 0.00 0.15 0.00
Eragrostis lehmanniana Nees var. lehmanniana Sub-climax 0.00 0.00 0.00 0.00 0.00 0.03
Eragrostis racemosa (Thunb.) Stead. Sub-climax 0.00 0.00 0.05 1.50 0.00 0.00
Heteropogon contortus (L.) Roem. & Schlt. Sub-climax 0.18 3.19 3.68 33.75 0.50 3.00
Hyparrhenia sp. Sub-climax 0.24 0.00 0.72 3.00 0.00 0.33
Hyperthelia dissoluta (Nees ex Stead.) Clayton Sub-climax 0.59 2.42 12.43 4.50 11.10 0.05
Bewsia biflora (Hack.) Goossens Climax 0.00 0.00 0.00 4.13 0.00 0.00
Brachiaria brizantha (A. Rich) Stapf Climax 0.00 0.00 0.00 0.38 0.00 0.00
Brachiaria serrata (Thunb.) Stapf Climax 0.00 0.00 0.00 1.13 0.00 0.00
Cymbopogon excavatus (Hochst.) Stapf ex Burtt Davy Climax 0.00 1.33 8.26 2.63 0.00 0.63
Diheteropogon amplectens (Nees) Clayton Climax 0.00 0.00 0.07 0.75 0.00 0.00
Loudetia simplex (Nees) C.E. Hubb. Climax 0.00 0.00 0.00 15.38 0.00 0.00
Panicum natalense Hochst. Climax 0.00 0.00 0.00 1.88 0.00 0.00
Setaria sphacelata (Schumach.) Moss Climax 0.24 0.00 0.20 0.00 0.00 0.00
Schizachyrium sanguineum (Retz.) Alst. Climax 0.00 0.00 0.17 0.75 0.00 0.00
Themeda triandra Forssk. Climax 0.00 0.42 2.34 2.63 0.00 0.00
Trachypogon spicatus (L. f) Kuntze Climax 0.00 0.00 0.00 1.88 0.00 0.00
Cenchrus ciliaris L. Commercial 0.00 0.06 0.03 0.00 4.98 0.00
Chloris gayana Kunth Commercial 0.00 0.00 0.00 0.00 9.00 0.00
Digitaria eriantha Steud. Commercial 0.00 0.00 0.00 0.00 0.77 0.00
Eragrostis curvula (Schrad.) Nees Commercial 1.88 1.03 1.44 0.00 0.33 0.00
Blechnum australe L. Fern 0.00 0.00 0.00 0.00 1.60 0.00
Eriosema sp. Forb 0.00 0.00 0.03 0.00 0.00 0.00
Lotononis laxa Eckl. & Zeyh. Forb 0.00 0.00 0.04 0.00 0.00 0.00
Athrixia elata Sond. Forb 0.00 0.00 0.00 0.00 0.45 0.00
Helichrysum sp. Forb 0.00 0.00 0.00 0.00 0.45 0.00
Vigna vexillata (L.) A. Rich. Forb 0.00 0.00 0.30 0.00 0.00 0.00
Corchorus sp. Forb 0.00 0.94 0.23 0.00 0.00 0.00
Helichrysum nudifolium (L.) Less. Forb 0.00 0.00 0.00 0.00 1.05 0.00
Indigofera sp. Forb 0.00 0.28 0.00 0.00 0.00 0.00
Crotalaria sp. Forb 0.00 0.44 0.00 0.00 0.00 0.00
Bidens pilosa L. Forb 0.56 0.17 0.00 0.00 0.00 0.00
Chamaecrista comosa E. Mey. var. capricornia (Steyaert) lock Forb 0.00 1.11 0.00 0.00 0.00 0.00
Zornia milneana Mohlenbr. Forb 0.00 2.19 2.25 0.00 0.00 0.05
Total cover 21.69 22.27 33.78 75.38 32.22 5.00
Total diversity spp. 9 15 22 16 13 8
The experimental trials were successful in establishing
grassland nearly similar to the surrounding secondary grass-
lands. To ensure a self-sustaining and progressive succes-
sional pattern the medium must be properly buffered with
gypsum and covered by a soil cover sufficiently thick to allow
for proper root development. The rehabilitated plot did not
require any further amelioration or fertiliser maintenance.
The study questions the need of continual high fertilisation
applications and commercial seed mixtures if it is clear that
naturally occurring species can be established using suc-
cession and locally collected seeds as mechanisms for suc-
cessful mine rehabilitation.
References
Bergmann W (1992) Nutritional Disorders of Plants: Development,
Visual and Analytical Diagnosis. Gustav Fischer Verlag Jena,
Stuttgart, 741pp
Briers JH, Van Wyk S, Michael MD (1988) Wortelontwikkeling en
groei van geselekteerde plantspesies onder verskillende bemest-
ingstoestande en met verskillende grondregstellings in die chris-
totieluitskot van die Msauli-myn in Oos-Transvaal. Suid-
Afrikaanse Tydskrif vir Wetenskap 84: 325–330
Brooks RR (1987) Serpentine and its Vegetation. Dioscorides Press
Ltd, Portland, Oregon, 454pp
Cambell-Young GJ, Balkwill K (2000) Serpentines of the Barberton
Greenstone Belt: metal-rich rock outcrops and their associated
vegetation. Veld and Flora 26: 28
Efroymson RA, Will ME, Suter GW, Wooten AC (1997) Toxicological
Benchmarks for Screening Contaminants of Potential Concern for
effects on Terrestrial Plants. US Department of Energy, East
Tennessee Technology Park, USA
Havlin JL, Beaton JD, Tisdale SL, Nelson WL (1999) Soil Fertility
and Fertilizers: An Introduction to Nutrient Management. Prentice
Hall, Upper Saddle River, NJ, USA, 499pp
Kruckeberg AR (1954) The ecology of serpentine soils: A sympo-
sium. III Plant species in relation to serpentine soils 35: 267–274
Kruckeberg AR (1967) Ecotype response to ultramafic soils by
some plant species in north-western United States. Brittoni 19:
133–151
Mengel K, Kirkby EA (1987) Principles of Plant Nutrition.
International Potash Institute, Worbiaufen-Bern, Switzerland,
687pp
Meyer DR (1980) Nutritional problems associated with the estab-
lishment of vegetation on tailings from an asbestos mine.
Environmental Pollution (Series A) 23: 287–298
Moore TR, Zimmerman RC (1977) Establishment of vegetation on
serpentine asbestos mine waste, southeastern Quebec, Canada.
Journal of Applied Ecology 14: 589–599
Morgenthal TL (2000) Vegetation Dynamics and Management
Models for Coal Ash Disposal Sites at Hendrina Power Station,
Mpumalanga, South Africa. PhD Thesis, Potchefstroom University
for Christian Higher Education, Potchefstroom, South Africa
Morrey DR, Balkwill K, Balkwill MJ (1989) Studies on serpentine
flora: preliminary analyses of soils and vegetation associated with
serpentinite rock formations in the south-eastern Transvaal.
South African Journal of Botany 55: 171–177
Proctor J, McDowan ID (1976) Influence of magnesium on nickel
toxicity. Nature 260: 134
Proctor J, Woodell SRJ (1975) The ecology of serpentine soils.
Advances in Ecological Research 9: 255–366
Rhoads RD (1996) Saninity: Electrical conductivity and total dis-
solved solids. In: Bartels JM (ed) Methods of Soil Analysis. Part
3. Chemical Methods. Soil Science Society of America, Madison,
Wisconsin, pp 417–435
Robinson BH, Brook RR, Kirkman JH, Gregg PEH, Varela Avarez Hl
(1997) Edaphic influences on a New Zealand ultramafic (“ser-
pentine”) flora: a statistical approach. Plant and Soil 188: 11–20
Soil classification work group (1991) Soil Classification: A Taxo-
nomic System for South Africa. Department of Agricultural
Development, Pretoria, South Africa
Sonnevelt C, Van der Ende J (1971) Soil analysis by means of a 1:2
volume extract. Plant Soil 35: 505–516
Specht A, Forth F, Steenbeeke G (2001) The effect of serpentine on
vegetation structure, composition and endemism in northern New
South Wales, Australia. South African Journal of Science 97:
521–529
Stalmans M, Robinson ER, Balkwill K (1999) Ordination and classi-
fication of vegetation of Songimvelo Game Reserve in the
Barberton Mountainland, South Africa for the assessment of
wildlife habitat distribution and quality. Bothalia 29: 305–325
Ter Braak CJF, Šmilauer P (1998) CANOCO Reference Manual and
User’s Guide to CANOCO for Windows: Software for Canonical
Community Ordination (ver. 4). Microcomputer Power, Ithaca, NY,
USA
Thomas GW (1982) Exchangeable cations. In: Page AL (ed)
Methods of Soil Analysis, Part 2 (2nd edn). Agronomy Monograph
9. ASA and SSSA, Madison, WI, pp 159–165
Van Rensburg L, Pistorius L (1998) An investigation into the prob-
lems associated with revegetating chrysotile tailings. South
African Journal of Plant and Soil 15: 130–140
Van Wyk S (1994) ’n Strategie vir die Rehabilitasie van Versteurde
Mynbougebiede in Suiderlike Afrika. PhD Thesis, Potchefstroom
University for Christian Higher Education, Potchefstroom, South
Africa
Viljoen MJ, Reimold WU (1999) An Introduction to South Africa’s
Geological and Mining Heritage. Mintek, Randburg
Williamson NA, Johnson MS, Bradshaw AD (1982) Mine Waste
Reclamation. Mineral Industry Research Organisation, London
Windisch H (1978) Asbestos. The South African Lapidary Magazine
12: 24–27
Table 3: Average biomass (g m–2) for species (listed from most to
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Species Aboveground Biomass
g m–2 %
Hyperthelia dissoluta 44.77 ± 134.34 37.09
Heteropogon contortus 21.13 ± 44.10 17.51
Cymbopogon excavatus 12.61 ± 30.90 10.45
Themeda triandra 9.97 ± 42.28 8.26
Aristida sp. 5.81 ± 12.38 4.81
Melinis repens 2.00 ± 8.49 1.66
Eragrostis curvula 1.67 ± 4.89 1.38
Other grass 9.32 ± 13.83 7.72
Total Forbs 13.41 ± 15.35 11.11
Total Grass 107.28 ± 144.87 88.89
Total 120.69 ± 142.11
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